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EP 1 000 793 B1
Description

[0001] The present invention relates to a driving apparatus for use in four-wheel drive vehicles for transmitting power
from a drive source to steerable wheels and nonsteerable wheels via a main HST (hydraustatic transmission).

[0002] Whenfour-wheeldrive vehicles having steerable wheels and nonsteerable wheels respectively at a front position
and a rear position of the vehicle are turned, a difference occurs in turning radius between the steerable wheel and the
nonsteerable wheel. For example, when the vehicle shown in FIG. 1 and having rear wheels serving for steering is
turned, the rear wheel turns along a path of a greater radius than the front wheel. If the front and rear wheels are rotated
at the same speed, therefore, the rear wheel skids on the terrain. Such a skid of the rear wheel roughs the terrain or
causes wear on the rear wheel. Especially with vehicles adapted to travel on lawns like lawn mowers, roughing the
terrain is undesirable.

[0003] Already proposed to preclude this drawback are (1) a driving apparatus having a one-way clutch provided in
the path of power transmission to the steerable wheels for transmitting a driving power to the steerable wheel and also
permitting the steerable wheel to rotate at a higher speed than the nonsteerable wheel when the vehicle is turned, and
(2) adriving apparatus wherein the path of power transmission to the steerable wheels is provided with a geartransmission
unit for giving an increased speed. The gear transmission unit is brought out of operation when the vehicle is advanced
straight, or is operated to rotate the steerable wheel at a higher speed than the nonsteerable wheel when the vehicle is
turned.

[0004] However, the driving apparatus (1) has the drawback the vehicle fails to fully exhibit the performance of four-
wheel drive since the nonsteerable wheels only are driven as in a two-wheel drive vehicle when the vehicle is turned.
This entails another drawback that the vehicle is impaired in running performance when turning with a small radius since
the nonsteerable wheels only are driven for turning.

[0005] Further with the driving apparatus (2), the steerable wheel is rotatable only at two speeds, i.e., a high speed
and the same speed as the nonsteerable wheel. On the other hand, the difference between the steerable wheel and
the nonsteerable wheel in turning radius is proportional to the steering angle of the steering wheel to be handled by a
driver. Thus, in order to effectively prevent the steerable wheels from skidding during turning of the vehicle, there is a
need to vary the rotational speed difference between the steerable wheel and the nonsteerable wheel. Accordingly the
driving apparatus (2) which affords only two different rotational speeds to the steerable wheels fails to fully preclude the
steerable wheels from skidding. Further although the driving apparatus is capable of providing two different speeds, i.e.,
a high speed and the same speed, for the steerable wheel, it is impossible to increase the rotational speed difference
between the steerable wheel and the nonsteerable wheel because the rotational speed of the nonsteerable wheel is
constant. If the vehicle is turned with a small radius, i.e., if the difference between the steerable wheel and the non and
the nonsteerable wheel in turning radius is great, it is difficult to obtain such a speed difference as to offset the radius
difference.

[0006] Also known is a driving apparatus similar to the apparatus 1 and having a transmission unit for giving an
increased speed which unit comprises a pair of pulleys and a belt reeved around the pulleys, the pulleys being variable
in effective diameter according to the rotation angle of the steering wheel at the driver’s seat. However, although adapted
to vary the rotational speed of the steerable wheel, the apparatus also encounters difficulty in increasing the rotational
speed difference between the steerable wheel and the nonsteerable wheel since the rotational speed of the nonsteerable
wheel is constant.

[0007] Further, in a vehicle with a four-wheels steering system, the resembling problem occurs. That is, the turning
radius of front ground wheel and rear ground wheel is usually different from each other. Therefore, the adjustment
between the rotational speed of the front wheels and the rear wheels is necessary.

[0008] GB-A-2274320 discloses an electromagnetic clutch driven steerable drive axle for a four wheel drive vehicle.
[0009] US-A-4886142, defining the preamble of claims 1 and 7, discloses a hydraulic four-wheel drive apparatus for
driving a hydraulic motor with four wheels: steering wheels and driving wheels, in which the steering wheels are driven
by a variable capacity motor and the driving wheels are driven by a fixed capacity motor.

[0010] An object of the present invention, which has been accomplished to overcome the foregoing problems, is to
provide a driving apparatus for use in four-wheel drive vehicles, the apparatus being adapted to effectively prevent the
steerable wheels from skidding while transmitting power to the steerable wheels when turning the vehicle.

[0011] According to afirst aspect of the present invention, therefore, there is provided a driving apparatus for a vehicle
for transmitting power via a main HST from a drive source installed in a body of the vehicle to a first pair of driving wheels
and a second pair of driving wheels, the pairs of wheels being positioned at the front and rear of the vehicle body and
at least one pair of the pairs of driving wheels being steerable, the driving apparatus comprising:

a tansmission unit for receiving a rotational output from the main HST,
afirst drive shaft and a second drive shaft for receiving a rotational output from the transmission unit and transmitting
unit and transmitting the rotational output respectively to an axle for driving the first pair of wheels and an axle for
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EP 1 000 793 B1
driving the second pair of wheels,
characterised by:

a differential unit for increasing a rotational speed of one of the first and the second drive shafts and decreasing a
rotational speed of the other of the first and second drive shafts proportionally according to a steering angle of a
steering wheel to be handled by a driver,

the transmission unit comprising a main drive shaft disposed between the first and the second drive shafts, a driving
power transmission mechanism for transmitting the rotational output of the main HST to the main drive shaft, and
afirst planetary gear unit and a second planetary gear unit for transmitting rotation of the main drive shaft respectively
to the first and the second drive shafts so as to rotate the wheel drive shafts in a same direction, and

the differential unit comprising a differential HST for receiving the power from the drive source and outputting an
adjusted rotational drive force proportionally according to the steering angle of the steering wheel, and a differential
power transmission mechanism for receiving the rotational output from the differential HST and giving mutually
opposite additional rotations respectively to the first planetary gear unit and the second planetary gear unit to cause
an increased rotational speed and a decreased rotational speed of the first and the second drive shafts.

[0012] According to a preferred feature of the invention, the apparatus is further adapted for a vehicle in which the
first pair of wheels are steerable and the second pair of wheels are nonsteerable,

the first drive shaft and the second drive shaft are a steerable wheel drive shaft and a nonsteerable wheel drive shaft
respectively, and

the first planetary gear unit and the second planetary gear unit are a steerable wheel planetary gear unit and a nons-
teerable wheel planetary gear unit respectively.

[0013] According to a preferred feature of the invention, the steerable wheel drive shaft and the nonsteerable wheel
drive shaft are arranged approximately on a common axis and spaced apart from each other at opposed ends thereof,
the main drive shaft is disposed between the opposed ends of the steerable wheel drive shaft and the nonsteerable
wheel drive shaft on the same axis as the two shafts,

the steerable wheel planetary gear unit has afirst sun gear mounted on the main drive shaft, a first outer wheel surrounding
the first sun gear, a first inner gear provided on an inner periphery of the first outer wheel, first planetary gears arranged
between the first sun gear and the first inner gear, and a first carrier supported on the steerable wheel drive shaft
nonrotatably relative thereto and rotatable with revolutions of the first planetary gears, and

the nonsteerable wheel planetary gear unit has a second sun gear mounted on the main deive shaft, a second outer
wheel surrounding the second sun gear, a second inner gear provided on an inner periphery of the second outer wheel,
second planetary gears arranged between the second sun gear and the second inner gear, and a second carrier
supported on the nonsteerable wheel drive shaft nonrotatably relative thereto and rotatably with revolutions of the second
planetary gears.

[0014] According to a preferred feature of the invention, the differential power transmission mechanism receives the
rotational output from the differential HST and adjusts rotational speeds of the first outer wheel and the second outer
wheel respectively in opposite directions to each other,

the differential HST is adapted not to output the rotational drive force when the vehicle is advanced straight and to output
the rotational drive force with a number of revolutions in accordance with the steering angle of the steering wheel when
the vehicle is turned,

the differential power transmission mechanism is adapted to adjust the rotational speed of the first outer wheel in the
same direction as the rotational direction of the first sun gear rotated by the main HST and to adjust the rotational speed
of the second outer wheel in a direction opposite to the rotational direction of the second sun gear rotated by the main HST.
[0015] According to a preferred feature of the invention, the differential HST has a hydraulic pump and a hydraulic
motor, at least one of the hydraulic pump and the hydraulic motor being of the variable displacement type which is
variable in displacement by operating a displacement altering member,

the differential unit further comprises a link mechanism coupling a steering wheel to be handled by a driver to the
displacement altering member, and

the link mechanism is adapted to reduce approximately to zero the discharge rate of one of the hydraulic pump and the
hydraulic motor which has the displacement altering member when the steering wheel is directed to advance the vehicle
straight and to increase the discharge rate as the steering angle of the steering wheel increases when the steering wheel
is directed to turn the vehicle.

[0016] According to a preferred feature of the invention, the driving power transmission mechanism and the differential
power transmission mechanism are each a power transmission gear mechanism.

[0017] According to a second aspect of the present invention, there is provided a driving apparatus for a vehicle for
transmitting power via a main HST from a drive source installed in a body of the vehicle to a first pair of driving wheels
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and a second pair of driving wheels, the pairs of wheels being positioned at the front and rear of the vehicle body and
at least one pair of the pairs of driving wheels being steerable, the driving apparatus comprising:
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a transmission unit for receiving a rotational output from the main HST,

a steerable wheel drive shaft and a nonsteerable wheel drive shaft for receiving a rotational output from the trans-
mission unit and transmitting the rotational output respectively to an axle for driving the steerable wheels and an
axle for driving the nonsteerable wheels,

characterised by:

a differential unit for increasing a rotational speed of the steerable wheel drive shaft and decreasing a rotational
speed of the nonsteerable wheel drive shaft proportionally according to a steering angle of a steering wheel to be
handled by a driver,

the steerable wheel drive shaft and the nonsteerable wheel drive shaft being arranged approximately on a common
axis and spaced apart from each other at opposed ends thereof,

the transmission unit comprising a first differential gear mechanism having a pair of first sun gears fixedly mounted
on each of the steerable wheel drive shaft and the nonsteerable wheel drive shaft at opposed ends thereof,

the first differential gear mechanism comprising a first casing covering the pair of first sun gears and rotatably
supported on the drive shafts, a first ring gear provided externally on the first casing for receiving the rotational
output from the main HST, and a plurality of first planetary gears meshing with the pair of first sun gears and rotatably
supported by a shaft fixedly provided inside the first casing and extending diametrically of the casing,

the differential unit comprising a differential HST for receiving a power from the drive source and outputting a
rotational drive force, a second differential gear mechanism for receiving the rotational output from the differential
HST, and an adjusting transmission mechanism for transmitting an output from the second differential gear mech-
anism to the steerable wheel drive shaft and the nonsteerable wheel drive shaft,

the second differential gear mechanism comprising a pair of rotary shafts supported by a housing of the driving
apparatus, arranged approximately on common axis and spaced apart from each other at opposed ends thereof,
a pair of second sun gears fixedly mounted on the respective rotary shafts at their opposed end, a second casing
covering the pair of second sun gears and rotatably supported on the pair of rotary shafts, a second ring gear
provided externally on the second casing for receiving the rotational output from the differential HST, and a plurality
of second planetary gears meshing with the pair of second sun gears and rotatably supported by a shaft fixedly
provided inside the second casing and extending diametrically of the second casing,

the adjusting transmission mechanism comprising two gear trains provided for the steerable wheel drive shaft and
the nonsteerable wheel drive shaft respectively and each comprising a drive gear fixed to the rotary shaft, and a
driven gear fixed to the corresponding drive shaft, at least one of two gear trains having at least one intermediate
gear so as to render the two driven gears rotatable in directions different from each other, the drive gear and the
driven gear of each of the gear trains being equal in diameter.

[0018] The invention will be further clarified by the description of embodiments with reference to the following accom-
panying drawings in which:

FIG. 1is afragmentary plan view of a vehicle comprising a preferred embodiment of driving apparatus of the invention.
FIG. 2 is a plan view in section of a main HST included in the vehicle of FIG. 1 and the vicinity thereof.

FIG. 3 is a cross sectional view in development showing a front drive shaft, rear drive shaft and transmission unit
included in the vehicle of FIG. 1 and the vicinity of these components.

FIG. 4 is a view in section taken along the line A-A in FIG. 1.

FIG. 5is a development in vertical section of a differential unit included in the vehicle of FIG. 1 and the vicinity thereof.
FIG. 6 is a diagram showing the steering wheel of the vehicle of FIG. 1 and the rear wheels thereof as coupled thereto.
FIG. 7 is a diagram showing a link mechanism of the driving apparatus according to the embodiment when the
vehicle is advanced straight.

FIG. 8 is a diagram showing the link mechanism of FIG. 7 when the vehicle is turned counterclockwise.

FIG. 9 is a diagram showing the link mechanism of FIG. 7 when the vehicle is turned clockwise.

FIG. 10 is a diagram showing the power transmission system of the vehicle of FIG. 1.

FIG. 11 is a diagram showing differences in turning radius between the steerable wheels and nonsteerable wheels
of the vehicle of FIG. 1.

FIG. 12 is a diagram showing a power transmission system of a vehicle modified from the system shown in FIG. 10.

[0019] A preferred embodiment of driving apparatus of the present invention will be described below with reference
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to the drawings. FIG. 1 is a fragmentary plan view of a vehicle 100 comprising a driving apparatus 1 embodying the
invention. The driving apparatus of the embodiment is adapted for use in four-wheel drive vehicles wherein power is
delivered from a drive source 60 installed in the body of the vehicle to a main HST 50, the output of which is transmitted
to rear wheels serving as steeling wheels and to the non-steerable wheels, i.e. front wheels as shown in FIG. 1. The
apparatus comprises a front wheel drive shaft and a rear wheel drive shaft for outputting a front wheel drive force and
rear wheel drive force respectively, a transmission unit for transmitting the output of the main HST to the front wheel
drive axle and the rear wheel drive axle, and a differential unit for reducing the rotational speed of the front wheel drive
axle and increasing the rotational speed of the rear wheel drive axle according to the steeling angle of the rear wheels
when the rear wheels are turned. Indicated at 75 and 76 in the drawing are a front axle and a rear axle, respectively.
Indicated at 70 is a rear wheel drive unit connected to the rear axle 76 by an axle coupling for outputting a rear axle
drive force. Further indicated at 80 is a PTO unit for delivering a drive force to a mower or the like. Indicated at 31 is a
differential HST, and at 32 and 35 are a hydraulic pump and hydraulic motor, respectively, of the differential HST.
[0020] First, the main HST 50 will be described. FIG. 2 is a plan view in section of the main HST and the surroundings
thereof. The main HST 50 has a hydraulic pump 52 and a hydraulic motor 55 at least one of which is of the variable
displacement type, and a housing 51 for enclosing the pump and the motor. According to the present embodiment, the
hydraulic pump 52 is of the variable displacement type, and the hydraulic motor 55 is a fixed displacement motor. The
housing 51 has a body 51a and an extension 51b extending outward from the body 51a widthwise of the vehicle. The
pump 52 and the motor 55 are accommodated in the housing body 51a, while the PTO unit 80 is enclosed in the housing
extension 51b.

[0021] The housing body 51a is open at its front side and closed with a rear wall at its rear side, while the extension
51b is closed with a front wall at its front side and open at its rear side. The front opening of the body 51a is closed with
a hydraulic block 85, and the rear opening of the extension 51b is closed with a closure member 86. This results in the
following advantage. If the body 51a and the extension 51b are both open at the front side in the housing comprising
these components 51a, 51b, there arises a need to lengthen the block 85 widthwise of the vehicle body for closing the
front opening to entail a cost increase owing to an increase in the amount of material. Since the hydraulic block 85 needs
to have a considerable thickness to ensure a quantity of oil, the increase in the length of the block 85 widthwise of the
vehicle requires an increased amount of material. When the housing 51 has the construction described, the mold for
the body 51a having the front opening can be removed toward the front, and the mold for the extension 51b having the
rear opening is removable rearward, with the result that the housing can be cast easily.

[0022] The hydraulic pump 52 has a pump shaft 53 extending longitudinally of the vehicle body. The pump shaft 53
has a rear end projecting rearward from the housing 51 and connected to the output shaft of the drive source 60 (see
FIG. 1). The pump shaft 53 has a front end extending forward from the housing 51 and projecting forward through the
block 85. A gear 54 is supported on the pump shaft 53 at the portion thereof to the rear of the body of the hydraulic
pump nonrotatably relative to the shaft. The gear 54 is coupled to a drive member 81 of the PTO unit 80. The PTO unit
80 is on/off-controlled by a hydraulic clutch 83 comprising the drive member 81 and a driven member 82.

[0023] On the other hand, the hydraulic motor 55 has a motor shaft 56 provided approximately in parallel to the pump
shaft 53. The motor shaft 56 has a front end extending forward from the housing 51 and projecting forward through the
hydraulic block 85.

[0024] Next, a description will be given of the front wheel drive shaft 5, rear wheel drive shaft 6 and transmission unit
10 of the driving apparatus 1 according to the present invention. FIG. 3 is a cross sectional view in development of the
front wheel drive shaft 5, rear wheel drive shaft 6, transmission unit 10, and the surroundings of these components, and
FIG. 4 is a view in section taken along the line A-A in FIG. 1.

[0025] With reference to FIG. 3, the front wheel drive shaft 5 and the rear wheel drive shaft 6 are arranged on
approximately the same axis longitudinally of the vehicle and spaced apart from each other at their opposed ends. More
specifically, a predetermined space is provided between the rear end face of the shaft 5 and the front end face of the
shaft 6. A differential gear unit 65 for driving the front axle 75 is connected to the front end of the front wheel drive shaft
5, while the aforementioned rear wheel drive unit 70 is connected to the rear end of the rear wheel drive shaft 6.
[0026] The transmission unit 10 comprises a main drive shaft 11 disposed in the space between the front wheel drive
shaft 5 and the rear wheel drive shaft 6 on the same axis as these shafts, a front wheel planetary gear unit 20 intercon-
necting the main drive shaft 11 and the front wheel drive shaft 5, a rear wheel planetary gear unit 20’ interconnecting
the main drive shaft 11 and the rear wheel drive shaft 6, a driving power transmission mechanism 13 interconnecting
the hydraulic motor shaft 56 of the main HST and the main drive shaft 11, and a casing 12 housing these components.
[0027] With reference to FIGS. 3 and 4, the front wheel planetary gear unit 20 comprises a sun gear 21 mounted on
the main drive shaft 11, an outer wheel 23 having an inner gear 22 surrounding the sun gear 21, a plurality of planetary
gears 24 meshing with both the sun gear 21 and the inner gear 22, and a carrier 25 supported by the front wheel drive
shaft 5 nonrotatably relative thereto. By a pin 26, the carrier 25 is made to rotate with the revolution of the planetary
gears 24 around the sun gear 21. Further a gear 27 is provided on the outer periphery of the outer wheel 23. On the
other hand, the rear wheel planetary gear unit 20’ also comprises the same components as the unit 20, i.e., a sun gear
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21’, an outer wheel 23, planetary gears 24’, a carrier 25’ and a gear 27'.

[0028] According to the present embodiment, the driving power transmission mechanism 13 is a power transmission
gear mechanism which comprises a gear 13a mounted on the motor shaft 56 of the main HST 50 nonrotatably relative
thereto, an intermediate gear 13b meshing with the gear 13a, an idle shaft 13c supporting the intermediate gear 13b
thereon rotatably relative thereto, a gear 13d meshing with the intermediate gear 13b, a support shaft 13e supporting
the gear 13d thereon nonrotatably relative thereto, a gear 13f mounted on the support shaft 13e nonrotatably relative
thereto, and a gear 13g meshing with the gear 13f and supported on the main drive shaft 11 nonrotatably relative thereto,
whereby an improved transmission efficiency is achieved. Although the transmission mechanism 13 can be of the belt
type, it is then likely that the mechanism will be impaired in transmission efficiency, for example, owing to slippage of
the belt, whereas such a drawback can be effectively precluded with the mechanism of the present embodiment.
[0029] The differential unit 30 will be described next which is included in the driving apparatus of the invention. FIG.
5 is a development in vertical section of the differential unit 30 and the vicinity thereof. The differential unit 30 comprises
a differential HST 31 having a hydraulic pump 32 and a hydraulic motor 35 at least one of which is of the variable
displacement type. According to the present embodiment, the hydraulic pump 32 is of the variable displacement type,
and the hydraulic motor 35 is a fixed displacement motor. As shown in FIGS. 1 and 2, the hydraulic pump 32 is disposed
in front of the hydraulic block 85 and has a pump shaft provided by a forwardly projecting portion of the pump shaft 53
of the main HST 50. Indicated at 34 in FIG. 2 is a movable swash plate for controlling the output of the hydraulic motor
35 by varying the discharge rate of the hydraulic pump 32. On the other hand, the hydraulic motor 35 is disposed in
parallel to the main HST 50, in the rear of the casing of the differential gear unit 65 as seen in FIGS. 1, 4 and 5.
[0030] The differential unit 30 further comprises a differential power transmission mechanism 40 for delivering the
rotational output of the hydraulic motor 35 of the differential HST 31 to the front wheel planetary gear unit 20 and the
rear wheel planetary gear unit 20’ therethrough. The power transmission mechanism 40 is adapted to give the outer
wheel 23’ of the rear wheel planetary gear unit 20’ and the outer wheel 23 of the front wheel planetary gear unit 20
additional rotations in opposite directions to each other. According to the present embodiment, the mechanism 40
comprises, as shown in FIGS. 4 and 5, a gear 40a mounted on the motor shaft 36 of the differential HST 31 nonrotatably
relative thereto, an intermediate gear 40b meshing with the gear 40a, an idle shaft 40c supporting the intermediate gear
40b thereon rotatably relative thereto, a gear 40d meshing with the intermediate gear 40b, a support shaft 40e supporting
the gear 40d thereon nonrotatably relative thereto, and a gear 40f mounted on the support shaft 40e nonrotatably relative
thereto. The mechanism 40 further comprises a front wheel transmission member 41 for delivering a rotation of the
same direction as the rotation of the gear 40f to the outer wheel 23 of the front wheel planetary gear unit 20, and a rear
wheel transmission member 41’ for delivering a rotation opposite in direction to the rotation of the gear 40f to the outer
wheel 23’ of the rear wheel planetary gear unit 20’. The front wheel transmission member 41 comprises a gear member
41a meshing with both the gear 40f and the outer wheel 23 of the front wheel planetary gear unit 20. On the other hand,
the rear wheel transmission member 41’ comprises an idle gear 41b’, an idle shaft 41c’ supporting the idle gear 41b’
thereon rotatably relative thereto, and a gear member 41a’ meshing with both the idle gear 41b’ and the outer wheel
23’ of the rear wheel planetary gear unit 20’.

[0031] The differential unit 30 is further provided with a link mechanism 45 for operatively connecting the movable
swash plate 34 of the hydraulic pump 32 of the differential HST 31 to a steering wheel 90 at the driver’s seat. FIG. 6
shows the steering wheel 90 and the rear wheels 8 as coupled thereto. Indicated at 46 in the drawing is a rack-and-
pinion assembly. FIGS. 7 to 9 schematically show the link mechanism 45. FIG. 7 shows the state of the link mechanism
45 when the vehicle is advanced straight. FIGS. 8 and 9 show the states of the link mechanism 45 when the vehicle is
turned to the left and when the vehicle is turned to the right, respectively.

[0032] With reference to FIGS. 7 to 9, the link mechanism 45 comprises the rack-and-pinion assembly 46, a pivotal
plate 47 movable about a pivot 48a in operative relation with the assembly 46, and a connector 49 for connecting the
pivotal plate 47 to the movable swash plate 34.

[0033] The rack-and-pinion assembly 45 comprises a pinion 46a fixed to the rotary shaft of the steering wheel 90,
and a pair of racks 46b, 46¢ arranged at opposite sides of the pinion 46a. In operative relation with the rotation of the
steering wheel, one of the racks is slidable toward the pivotal plate, and the other rack is slidable in the opposite direction.
As shown in FIG. 7, the pair of racks 46b, 46c are so adapted that the corresponding rack ends are in the same position
when the vehicle is advanced straight, that is, when the steering wheel 90 is not rotated. The pair of racks 46b, 46¢ are
arranged at different positions with respect to the direction of rotary shaft of the pinion 46a and are therefore unlikely to
come into contact with each other. The pivotal plate 47 is biased toward the pair of racks 46b, 460 by a biasing member
48b at all times. The connector 49 is so connected to the swash plate 34 as not to incline the swash plate 34 when the
vehicle is advanced straight, namely, when the pivotal plate 47 is in the position shown in FIG. 7 and as to incline the
swash plate 34 when the vehicle is turned, namely when the pivotal plate is in the position shown in FIG. 8 or 9.
[0034] The link mechanism 45 operates in the following manner. When the vehicle is being advanced straight without
rotating the steering wheel 90, the pair of racks 46b, 46¢ do not push the pivotal plate 47. The pivotal plate 47 in this
state does not incline the movable swash plate 34 as stated above. Accordingly, the motor shaft 36 of the differential
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HST 31 is held out of rotation during the straight advance of the vehicle. If the vehicle is turned leftward or rightward,
i.e., when the steering wheel 90 is rotated counterclockwise or clockwise, one of the racks 46b, 46¢ pushes the pivotal
plate 47 as shown in FIG. 8 or 9, whereby the pivotal plate 47 is moved about the pivot 48a to incline the swash plate
34. Accordingly, the motor shaft 36 of the differential HST 31 rotates when the vehicle is turned. Moreover, the inclination
of the swash plate 34 is in proportion to the angle through which the pivotal plate 47 is pivotally moved, and the angle
of pivotal movement of the pivotal plate 47 is proportional to the rotation angle of the steering wheel 90, so that the
rotational speed of the motor shaft 36 of the differential HST 31 varies in proportion to the rotation angle of the steering
wheel 90, i.e., to the steering angle of the rear wheels 8. It is desired to incline the end portions of the racks 46b, 46¢
to be brought into contact with the pivotal plate 47 as shown in FIGS. 7 to 9 so that the position of contact of the rack
46b with the plate 47 and the position of contact of the other rack 46¢ with the plate 47 will be at equal distances from
the axis of the pivot 48a. The angle of pivotal movement of the pivotal plate 47 by the sliding movement of the rack 46b
can then be made equal to the angle of pivotal movement of the plate 47 by the movement of the other rack 46c¢.
[0035] The operation of the driving apparatus 1 thus constructed will be described below. FIG. 10 is a diagram of the
power transmission system of the vehicle 100 comprising the driving apparatus 1.

[0036] The transmission unit 10 for transmitting the rotational output of the main HST 50 will be described first. The
rotational output of the motor shaft 56 of the main HST 50 is transmitted by the driving power transmission mechanism
13 to the main drive shaft 11, which has fitted therearound the sun gear 21 of the front wheel planetary gear unit 20 and
the sun gear 21’ of the rear wheel planetary gear unit 20’. Accordingly, the sun gears 21, 21’ are rotated at the same
speed in the same direction.

[0037] The differential unit 30 will be described next. When the vehicle is advanced straight, that is, when the steering
wheel 90 is not rotated, the differential unit 30 operates in the following manner. When the vehicle is advanced straight,
the motor shaft 36 of the differential HST 31 does not rotate as previously stated. Consequently, the outer wheels 23,
23’ coupled to the motor shaft 36 by the differential power transmission mechanism 40 are held out of rotation. Thus,
the inner gears 22, 22’ of the planetary gear units 20, 20’ are held fixed when the vehicle is advanced straight. On the
other hand, the sun gears 24, 24’ are held in rotation at the same speed in the same direction by the rotational output
of the main HST 50 as previously stated. Accordingly, the planetary gears 24, 24’ revolve at the same speed in the same
direction, causing the pins 26, 26’ to rotate the respective carriers 25, 25’ at the same speed in the same direction. The
front wheel drive shaft 5 and the rear wheel drive shaft 6 are rotated at the same speed in the same direction, rotating
the front and rear wheels 7, 8 at the same speed in the same direction.

[0038] Now, the gear ratio between the sun gears 21, 21’ and the carrier 25, 25’ will be considered. Suppose the
number of teeth of each of the sun gears 21, 21’ is Za, the number of teeth of each of the planetary gears 24, 24’ is Zb,
and the number of teeth of each of the inner gears 22, 22’ is Zc. Assuming that the carriers 25, 25’ rotate Nd turns when
the sun gears 21, 21’ are rotated Na turns, the number of turns Nc of the outer wheels 23, 23’ is expressed by Equation
(1) in Table 1.

Table 1
Sun gear Planetary gear Outer wheel Carrier
21,21 24,24 23, 2% 25,25
All fixed Nd Nd Nd Nd
Carrier fixed Na-Nd -(Na-Nd)*(Za/zb) -(Na-Nd)*(Za/zb) *(Zb/Zc) 0
Combined speed Na Nb= Nd-(Na-Nd)*(Za/zb) Nd
Nem
Nd-(Na-Na)*(2a/zc)
.- .BEguationt 1)
[0039] Equation (1) can be modified as
N4 = (Za*Na+Nc)/(Za+Zc) .« .Bquation (2)

[0040] When the vehicle is advanced straight, the inner gears 22, 22’ are in the fixed state as previously stated, that
is, the outer wheels 23, 23’ are held fixed, so that Nc=0. The number of revolutions Nd of the carriers is given by
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Nd = (Za*Na)/{(Za+Zc) ...Equation (3)

[0041] Next, a description will be given of the operation of the differential unit 30 when the vehicle is turned, namely,
when the steering wheel 90 is rotated counterclockwise or clockwise. When the vehicle is turned, the motor shaft 36 of
the differential HST 31 rotates at a speed in accordance with the rotation angle of the steering wheel 90 as already
described. The rotational output of the motor shaft 36 of the differential HST 31 is delivered through the differential power
transmission mechanism 40 to the outer wheel 23 of the front wheel planetary gear unit 20 and the outer wheel 23’ of
the rear wheel planetary gear unit 20’ as additional rotations in directions opposite to each other.

[0042] As will be apparent from Equation (2), therefore, the carrier 25’ of the gear unit 20’ is rotated at an increased
speed while the carrier 25 of the gear unit 20 is rotated at a decreased speed when the differential power transmission
mechanism 40 is so designed as to rotate the outer wheel 23’ of the gear unit 20’ in the same direction as the rotation
of the sun gear 21’ and to rotate the outer wheel 23 of the gear unit 20 in opposite direction to the rotation of the sun
gear 21. Consequently, the rear wheel drive shaft 6 rotates at a higher speed than when advancing the vehicle straight,
and the front wheel drive shaft 5 rotates at a lower speed than when advancing the vehicle straight, causing the rear
wheels 8 to rotate at an increased speed and the front wheels 7 to rotate at a reduced speed.

[0043] Thus, the driving apparatus 1 according to the present embodiment is adapted to rotate the steerable wheels
and the nonsteerable wheels at the same speed when advancing the vehicle straight and to rotate the steerable wheels,
i.e., the rear wheels 8, at an increased speed and the nonsteerable wheels, i.e., the front wheels 7, at a reduced speed
when turning the vehicle. This effectively obviates the skids of the steerable wheel owing to the difference in turning
radius between the steerable wheel and the nonsteerable wheel during turning of the vehicle.

[0044] Furthermore, the driving apparatus 1 is adapted to drive the steerable wheels at an increased speed and the
nonsteerable wheels at a decreased speed and therefore provides a capability of a great rotational speed difference
between the steerable wheels and the nonsteerable wheels. Accordingly, even if a great difference occurs in turning
radius between the steerable wheel and the nonsteerable wheel by a sharp turn of the vehicle, a speed difference is
readily available to offset the great difference in turning radius.

[0045] The driving apparatus 1 is so designed as to vary the speed increasing ratio of the steerable wheels and the
reduction ratio of the nonsteerable wheels by varying the speed of the motor shaft 36 of the differential HST in proportion
to the rotation angle of the steering wheel 90. It is therefore possible to produce a rotational speed difference between
the steerable wheel and the nonsteerable wheel in accordance with the turning radius difference therebetween which
varies in proportion to the steering angle of the steering wheel.

[0046] With the conventional driving apparatus which gives a definite rotational speed to the nonsteerable wheels and
gives the steerable wheels only two different rotational speeds, i.e., the same speed as the nonsteerable wheels and a
speed higher than this speed, the rotational speed difference between the steerable wheel and the nonsteerable wheel
is constant regardless of the steering angle of the steering wheel, whereas the difference in turning radius between the
steerable wheel and the nonsteerable wheel varies with the steering angle of the steering wheel. The conventional
apparatus is therefore unable to effectively preclude the steerable wheel from skidding.

[0047] With the driving apparatus 1 of the present embodiment, on the other hand, the rotational speed difference
between the steerable wheel and the nonsteerable wheel is variable with the steering angle of the steering wheel, so
that the skid of the steerable wheel can be prevented effectively in accordance with the steering angle of the steering
wheel.

[0048] Although the present embodiment has been described with reference to a vehicle wherein the rear wheels are
steerable wheels and the front wheels are nonsteerable wheels, the invention is not limited to such vehicles but is of
course applicable also to vehicles wherein the front wheels serve for steering, and the rear wheels are nonsteerable
wheels.

[0049] FIG. 12 shows another embodiment of the driving apparatus of the present invention. Throughout the drawings
showing the first and second embodiments, like parts are designated by like reference numerals and will not be described
in detail repeatedly. The driving apparatus, which has basically the same construction as the foregoing embodiment,
comprises a transmission unit 10’ for receiving the rotational output of the main HST 50, and a differential unit 30’ for
adjusting the rotation of the steerable wheel drive shaft 5 and the nonsteerable wheel drive shaft 6 according to the
steering angle of the steering wheel. As in the first embodiment, the steerable wheel drive shaft 5 and the nonsteerable
wheel drive shaft 6 are arranged on approximately the same axis and spaced apart from each other at opposed ends
thereof. The transmission unit 10’ comprises a first differential gear mechanism 110 having a pair of first sun bevel gears
115, 116 fixedly mounted on the steerable wheel drive shaft 5 and the nonsteerable wheel drive shaft 6, respectively,
at their opposed ends. The first differential gear mechanism 110 comprises a first casing 111 covering the pair of first
sun gears 115, 116 and rotatably supported on the drive shafts 5, 6, a first ring gear 112 provided externally on the first
casing 111 for receiving the rotational output from the main HST 50, and a plurality of first planetary bevel gears 114
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meshing with the pair of first sun gears 115, 116 and rotatably supported by a shaft 113 fixedly provided inside the first
casing 111 and extending diametrically of the casing.

[0050] The differential unit 30’ comprises a differential HST 31 for receiving power from the drive source and outputting
a differential rotational drive force, a second differential gear mechanism 130 for receiving the rotational output from the
differential HST, and an adjusting transmission mechanism for transmitting an output from the second differential gear
mechanism to the steerable wheel drive shaft 5 and the nonsteerable wheel drive shaft 6. The second differential gear
mechanism 130 comprises a pair of rotary shafts 137, 138 supported by the housing of the driving apparatus, arranged
on approximately the same axis and spaced apart from each other at opposed ends thereof, a pair of second sun bevel
gears 135, 136 fixedly mounted on the respective rotary shafts at their opposed ends, a second casing 131 covering
the pair of second sun gears and rotatably supported on the pair of rotary shafts, a second ring gear 132 provided
externally on the second casing for receiving the rotational output from the differential HST 31, and a plurality of second
planetary bevel gears 134 meshing with the pair of second sun gears and rotatably supported by a shaft 133 fixedly
provided inside the second casing 131 end extending diametrically of the second casing.

[0051] The adjusting transmission mechanism comprises two gear trains 140, 150 each comprising a drive gear 142
(154) fixed to the rotary shafts 137 (138), and a driven gear 141 (151) fixed to the steerable wheel drive shaft 5 (the
nonsteerable wheel drive shaft 6). At least one of the two gear trains has at least one intermediate gear so as to render
the two driven gears 141, 151 rotatable in directions different from each other. With the present embodiment, the gear
train 150 has one intermediate gear 153 mounted on a shaft 152. In the gear trains 140, 150, the gears 141, 142 are
equal in diameter, and the gears 151, 154 are equal in diameter.

[0052] The driving apparatus shown in FIG. 12 operates in the following manner. The output of motor shaft 56 of the
main HST 50 is delivered via the driving power transmission mechanism 13 to the ring gear 112. The rotation of the ring
gear 112 is transmitted to the steerable wheel drive shaft 5 and the nonsteerable wheel drive shaft 6 by way of the first
casing 111, the planetary gears 113 and the pair of sun gears 115, 116. The shafts 5, 6 have their rotational speed
altered by the action of the two gear trains 140, 150 of the adjusting transmission mechanism in the following manner.
[0053] When the vehicle is advanced straight, the motor shaft 36 of the differential HST 31 does not rotate as in the
first embodiment. Accordingly, the ring gear 132 and the second casing 131 are held out of rotation which are coupled
to the motor shaft 36 via the differential power transmission mechanism 40. As a result, the rotary shafts 137, 138 of
the second differential gear mechanism 130 are rotated at the same speed by the sun gears 135, 136 and the planetary
gears 134. The gears 141 and 151 are therefore rotated also at the same speed. Consequently, the drive shafts 5, 6
connected to the first differential gear mechanism 110 are also rotated at the same speed, thus driving the steerable
wheels and the nonsteerable wheels at the same speed.

[0054] When the vehicle is turned, on the other hand, the motor shaft 36 of the differential HST 31 rotates at a speed
in accordance with the rotation angle of the steering wheel in the driver’s seat as described in the first embodiment. The
output of the motor shaft 36 rotates the ring gear 132 of the second differential gear mechanism 130 via the differential
power transmission mechanism 40. The second casing 131 therefore rotates, consequently increasing or reducing the
number of revolutions of the shafts 137, 138 by a quantity equal to the number of revolutions of the second casing.
[0055] The increase or reduction in the number of revolutions of the shafts 137, 138 is transmitted in the following
manner. The two gear trains 140, 150 are so adapted that the two driven gears 141, 151 rotate in directions different
from each other as previously described. In diameter, moreover, the gears 141, 142 are equal, and the gears 151, 154
are equal. Accordingly, when the rotary shafts 137, 138 rotate at a speed increased by the same number of revolutions,
one of the gears 141, 151 increases and the other gear reduces in speed by the same number of revolutions.

[0056] When the differential power transmission mechanism 40 is so adapted as to give an increased speed to the
gear 141 and a reduced speed to the gear 151 by the rotation of the motor shaft 36 of the differential HST 31 when the
vehicle is turned, the steerable wheel drive shaft 5 is therefore rotated at an increased speed and the nonsteerable
wheel drive shaft 6 at a reduced speed for turning the vehicle. This effectively precludes the skids of the steerable wheels
due to the difference in turning radius between the steerable wheel and the nonsteerable wheel during turning of the
vehicle in the vehicle driving apparatus shown in FIG. 12 as in the first embodiment. According to the present embodiment,
the function described above is available by making the first and second differential gear mechanisms 110, 130 identical
in construction and attaching these mechanisms, as oriented in opposite directions, to the housing of the driving appa-
ratus. This permits use of common components for these two mechanisms, consequently leading to a reduction in
manufacturing cost.

Claims
1. A driving apparatus for a vehicle for transmitting power via a main HST (50) from a drive source installed in a body

of the vehicle to a first pair of driving wheels (8) and a second pair of driving wheels (7), the pairs of wheels being
positioned at the front and rear of the vehicle body and at least one pair of the pairs of driving wheels being steerable,
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the driving apparatus comprising:

a transmission unit (10) for receiving a rotational output from the main HST,

a first drive shaft (6) and a second drive shaft (5) for receiving a rotational output from the transmission unit
and transmitting the rotational output respectively to an axle for driving the first pair of wheels and an axle for
driving the second pair of wheels,

characterised by:

a differential unit (30) for increasing a rotational speed of one of the first and the second drive shafts and
decreasing a rotational speed of the other of the first and the second drive shafts proportionally according to a
steering angle of a steering wheel to be handled by a driver,

the transmission unit comprising a main drive shaft (11) disposed between the first and the second drive shafts,
a driving power transmission mechanism (13) for transmitting the rotational output of the main HST to the main
drive shaft, and a first planetary gear unit (20’) and a second planetary gear unit (20) for transmitting rotation
of the main drive shaft respectively to the first and the second drive shafts so as to rotate the wheel drive shafts
in a same direction, and

the differential unit comprising a differential HST (31) for receiving the power from the drive source and outputting
an adjusted rotational drive force proportionally according to the steering angle of the steering wheel, and a
differential power transmission mechanism (40) for receiving the rotational output from the differential HST and
giving mutually opposite additional rotations respectively to the first planetary gear unit and the second planetary
gear unit to cause an increased rotational speed and a decreased rotational speed of the first and the second
drive shafts.

A driving apparatus according to Claim 1, the apparatus being further adapted for a vehicle in which the first pair
of wheels are steerable and the second pair of wheels are nonsteerable, wherein

the first drive shaft (6) and the second drive shaft (5) are a steerable wheel drive shaft and a nonsteerable wheel
drive shaft respectively, and

the first planetary gear unit (20’) and the second planetary gear unit (20) are a steerable wheel planetary gear unit
and a nonsteerable wheel planetary gear unit respectively.

A driving apparatus according to claim 2 wherein

the steerable wheel drive shaft (6) and the nonsteerable wheel drive shaft (5) are arranged approximately on a
common axis and spaced apart from each other at opposed ends thereof,

the main drive shaft (11) is disposed between the opposed ends of the steerable wheel drive shaft and the nons-
teerable wheel drive shaft on the same axis as the two shafts,

the steerable wheel planetary gear unit (20°) has a first sun gear mounted on the main drive shaft, a first outer wheel
surrounding the first sun gear, a firstinner gear provided on an inner periphery of the first outer wheel, first planetary
gears arranged between the first sun gear and the first inner gear, and a first carrier supported on the steerable
wheel drive shaft nonrotatably relative thereto and rotatable with revolutions of the first planetary gears, and

the nonsteerable wheel planetary gear unit (20) has a second sun gear mounted on the main drive shaft, a second
outer wheel surrounding the second sun gear, a second inner gear provided on an inner periphery of the second
outer wheel, second planetary gears arranged between the second sun gear and the second inner gear, and a
second carrier supported on the nonsteerable wheel drive shaft nonrotatably relative thereto and rotatably with
revolutions of the second planetary gears.

A drive apparatus according to claim 3 wherein

the differential power transmission mechanism (40) receives the rotational output from the differential HST (31) and
adjusts rotational speeds of the first outer wheel and the second outer wheel respectively in opposite directions to
each other,

the differential HST is adapted not to output the rotational drive force when the vehicle is advanced straight and to
output the rotational drive force with a number of revolutions in accordance with the steering angle of the steering
wheel when the vehicle is turned,

the differential power transmission mechanism is adapted to adjust the rotational speed of the first outer wheel in
the same direction as the rotational direction of the first sun gear rotated by the main HST (50) and to adjust the
rotational speed of the second outer wheel in a direction opposite to the rotational direction of the second sun gear
rotated by the main HST.
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A driving apparatus according to claim 4 wherein

the differential HST (31) has a hydraulic pump and a hydraulic motor, at least one of the hydraulic pump and the
hydraulic motor being variable in displacement by operating a displacement altering member,

the differential unit (30) comprises a link mechanism coupling a steering wheel to be handled by a driver to the
displacement altering member,

the link mechanism is adapted to reduce approximately to zero a discharge rate of one of the hydraulic pump and
the hydraulic motor which has the displacement altering member when the steering wheel is directed to advance
the vehicle straight and to increase the discharge rate as the steering angle of the steering wheel increases when
the steering wheel is directed to turn the vehicle.

A driving apparatus according to any one of claims 3 to 5 wherein the driving power transmission mechanism (13)
and the differential power transmission mechanism (40) are each a power transmission gear mechanism.

A driving apparatus for a vehicle for transmitting power via a main HST (50) from a drive source installed in a body
of the vehicle to a first pair of driving wheels (8) and a second pair of driving wheels (7), the pairs of wheels being
positioned at the front and rear of the vehicle body and at least one pair of the pairs of driving wheels being steerable,
the driving apparatus comprising:

a transmission unit (10’) for receiving a rotational output from the main HST,

a steerable wheel drive shaft (6) and a nonsteerable wheel drive shaft (5) for receiving a rotational output from
the transmission unit and transmitting the rotational output respectively to an axle for driving the steerable
wheels and an axle for driving the nonsteerable wheels,

characterised by:

a differential unit (30’) for increasing a rotational speed of the steerable wheel drive shaft and decreasing a
rotational speed of the nonsteerable wheel drive shaft proportionally according to a steering angle of a steering
wheel to be handled by a driver,

the steerable wheel drive shaft and the nonsteerable wheel drive shaft being arranged approximately on a
common axis and spaced apart from each other at opposed ends thereof,

the transmission unit comprising a first differential gear mechanism (110) having a pair of first sun gears fixedly
mounted on each of the steerable wheel drive shaft and the nonsteerable wheel drive shaft at opposed ends
thereof,

the first differential gear mechanism comprising a first casing covering the pair of first sun gears and rotatably
supported on the drive shafts, a first ring gear provided externally on the first casing for receiving the rotational
output from the main HST, and a plurality of first planetary gears meshing with the pair of first sun gears and
rotatably supported by a shaft fixedly provided inside the first casing and extending diametrically of the casing,
the differential unit comprising a differential HST (31) for receiving a power from the drive source and outputting
a rotational drive force, a second differential gear mechanism (130) for receiving the rotational output from the
differential HST, and an adjusting transmission mechanism (140, 150) for transmitting an output from the second
differential gear mechanism to the steerable wheel drive shaft and the nonsteerable wheel drive shaft,

the second differential gear mechanism comprising a pair of rotary shafts supported by a housing of the driving
apparatus, arranged approximately on common axis and spaced apart from each other at opposed ends thereof,
a pair of second sun gears fixedly mounted on the respective rotary shafts at their opposed end, a second
casing covering the pair of second sun gears and rotatably supported on the pair of rotary shafts, a second ring
gear provided externally on the second casing for receiving the rotational output from the differential HST, and
a plurality of second planetary gears meshing with the pair of second sun gears and rotatably supported by a
shaft fixedly provided inside the second casing and extending diametrically of the second casing,

the adjusting transmission mechanism comprising two gear trains provided for the steerable wheel drive shaft
and the nonsteerable wheel drive shaft respectively and each comprising a drive gear fixed to the rotary shaft,
and a driven gear fixed to the corresponding drive shaft, at least one of two gear trains having at least one
intermediate gear so as to render the two driven gears rotatable in directions different from each other, the drive
gear and the driven gear of each of the gear trains being equal in diameter.

Patentanspriiche

1. Antriebsvorrichtung fir ein Fahrzeug, um Leistung Uber ein Haupt HST (50) von einer Antriebsquelle, die in einem
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Koérper des Fahrzeugs installiert ist, zu einem ersten Paar von Antriebsradern (8) und einem zweiten Paar von
Antriebsradern (7) zu Ubertragen, wobei die Réderpaare an der Vorderseite und Rickseite des Fahrzeugkérpers
bzw. der -karosserie positioniert sind und wenigstens ein Paar der Paare von Antriebsréddern lenkbar ist, wobei die
Antriebsvorrichtung umfaft:

eine Ubertragungs- bzw. Getriebeeinheit (10), um eine Rotationsausgabe von dem Haupt HST zu empfangen,
eine erste Antriebswelle (6) und eine zweite Antriebswelle (5), um eine Rotationsausgabe von der Getriebe-
einheit zu empfangen und der Rotationsausgabe entsprechend bzw. jeweils zu einer Achse zum Antreiben des
ersten Paars von R&dern und einer Achse zum Antreiben des zweiten Paars von Radern zu Ubertragen,

gekennzeichnet durch:

eine Differentialeinheit (30), um eine Rotationsgeschwindigkeit bzw. Drehzahl von einer der ersten und zweiten
Antriebswelle zu erhéhen und eine Rotationsgeschwindigkeit bzw. Drehzahl der anderen der ersten und zweiten
Antriebswelle proportional entsprechend einem Lenkwinkel eines Lenkrads zu verringern, das durch einen
Fahrer zu handhaben ist,

wobei die Getriebeeinheit eine Hauptantriebswelle (11), die zwischen der ersten und der zweiten Antriebswelle
angeordnet ist, einen Antriebsleistungs-Ubertragungs- bzw. -Getriebemechanismus (13) zum Ubertragen der Ro-
tationsausgabe des Haupt HST zu der Hauptantriebswelle, und eine erste Planetengetriebeeinheit (20’) und eine
zweite Planetengetriebeeinheit (20) zum Ubertragen von Rotation der Hauptantriebswelle entsprechend auf die
erste und zweite Antriebswelle umfaBt, um die Radantriebswellen in einer selben Richtung zu rotieren und

wobei die Differentialeinheit ein Differential HST (31) zum Empfangen der Leistung von der Antriebsquelle und
Ausgeben einer eingestellten Rotationsantriebskraft proportional entsprechend dem Lenkwinkel des Lenkrads, und
einen Differentialleistungs-Getriebe- bzw. -Ubertragungsmechanismus (40) zum Empfangen der Rotationsausgabe
von dem Differential HST und Geben von wechselweise entgegengesetzten zusatzlichen Rotationen jeweils zu der
ersten Planetengetriebeeinheit und der zweiten Planetengetriebeeinheit umfaBt, um eine erhéhte Rotationsge-
schwindigkeit bzw. Drehzahl und eine verringerte Rotationsgeschwindigkeit bzw. Drehzahl der ersten und zweiten
Antriebswelle zu bewirken.

Antriebsvorrichtung nach Anspruch 1, wobei die Vorrichtung weiter fur ein Fahrzeug adaptiert ist, in welchem das
erste Paar von Rédern lenkbar ist und das zweite Paar von Radern nicht lenkbar ist, wobei

die erste Antriebswelle (6) und die zweite Antriebswelle (5) entsprechend eine Antriebswelle eines lenkbaren Rads
und eine Antriebswelle eines nicht-lenkbaren Rads sind, und

die erste Planetengetriebeeinheit (20’) und die zweite Planetengetriebeeinheit (20) entsprechend eine Planetenge-
triebeeinheit eines lenkbaren Rads und eine Planetengetriebeeinheit eines nicht-lenkbaren Rads sind.

Antriebsvorrichtung nach Anspruch 2, wobei die Antriebswelle (6) des lenkbaren Rads und die Antriebswelle (5)
des nicht-lenkbaren Rads ungefahr auf einer gemeinsamen Achse angeordnet sind und voneinander an gegen-
Uberliegenden bzw. entgegengesetzten Enden davon beabstandet sind,

die Hauptantriebswelle (11) zwischen den gegentiberliegenden Enden der Antriebswelle des lenkbaren Rads und
der Antriebswelle des nicht-lenkbaren Rads auf derselben Achse wie die zwei Wellen angeordnet ist,

die Planetengetriebeeinheit (20’) des lenkbaren Rads ein erstes Sonnenrad, das auf der Hauptantriebswelle fest-
gelegt ist, ein erstes AuBenrad, das das erste Sonnenrad umgibt, ein erstes inneres Zahnrad bzw. Ritzel, das auf
dem Innenumfang des ersten AuBBenrads zur Verfligung gestellt ist, erste Planetenritzel bzw. Planetengetriebe, die
zwischen dem ersten Sonnenrad und dem ersten Innenritzel bzw. Innengetriebe angeordnet sind und einen ersten
Trager aufweist, der an der Antriebswelle des lenkbaren Rads nicht drehbar relativ zu dieser und drehbar mit
Umdrehungen der ersten Planetenritzel abgestltzt bzw. getragen ist, und

die Planetengetriebeeinheit (20) des nicht-lenkbaren Rads ein zweites Sonnenrad, das auf bzw. an der Hauptan-
triebswelle montiert bzw. festgelegt ist, ein zweites AuBenrad, das das zweite Sonnenrad umgibt, ein zweites In-
nenritzel, das an dem Innenumfang des zweiten AuBenrads zur Verfligung gestellt ist, zweite Planetenritzel, die
zwischen dem zweiten Sonnenrad und dem zweiten Innengetriebe angeordnet sind, und einen zweiten Trager
aufweist, der auf bzw. an der Antriebswelle des nicht-lenkbaren Rads nicht-drehbar relativ zu dieser und drehbar
mit Umdrehungen der zweiten Planetengetriebe bzw. -ritzel abgestutzt bzw. getragen ist.

Antriebsvorrichtung nach Anspruch 3, wobei der Differentialleistungs-Ubertragungsmechanismus (40) die Rotati-

onsausgabe von dem Differential HST (31) erhélt bzw. empfangt und Rotationsgeschwindigkeiten des ersten Au-
Benrads und des zweiten AuBBenrads entsprechend in entgegengesetzten Richtungen zueinander einstellt,
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die Differential HST adaptiert ist, um nicht die Rotationsantriebskraft auszugeben, wenn das Fahrzeug gerade
vorwértsgefahren wird, und um die Rotationsantriebskraft mit einer Anzahl von Umdrehungen in Ubereinstimmung
mit dem Lenkwinkel des Lenkrads auszugeben, wenn das Fahrzeug gelenkt ist bzw. eine Kurve fahrt,

der Differentialleistungs-Ubertragungsmechanismus adaptiert ist, um die Rotationsgeschwindigkeit des ersten Au-
Benrads in derselben Richtung wie die Rotationsrichtung des ersten Sonnenrads einzustellen, das durch die Haupt
HST (50) gedreht ist, und um die Rotationsgeschwindigkeit des zweiten AuBBenrads in einer Richtung entgegenge-
setzt zu der Rotationsrichtung des zweiten Sonnenrads einzustellen, das durch die Haupt HST gedreht bzw. rotiertist.

Antriebsvorrichtung nach Anspruch 4, wobei das Differential HST (31) eine hydraulische Pumpe und einen Hydrau-
likmotor aufweist, wobei wenigstens einer der Hydraulikpumpe und des Hydraulikmotors in der Verlagerung variabel
sind, in dem ein Verlagerungsanderungsglied betatigt ist,

die Differentialeinheit (30) einen Kopplungs- bzw. Verbindungsmechanismus zum Koppeln eines Lenkrads, das
durch einen Fahrer handzuhaben ist, mit dem Verlagerungsénderungsglied umfaft,

der Verbindungsmechanismus adaptiert ist, um eine Ausgaberate bzw. einen Einspritzverlauf von einer der Hy-
draulikpumpe und des Hydraulikmotors auf etwa null zu reduzieren, welcher das Verlagerungsanderungsglied auf-
weist, wenn das Lenkrad gerichtet ist, um das Fahrzeug gerade zu fahren, und die Ausgaberate bzw. den Einspritz-
verlauf zu erhdhen, wenn der Lenkwinkel des Lenkrads ansteigt, wenn das Lenkrad zum Drehen bzw. Kurvenfahren
des Fahrzeugs gerichtet ist.

Antriebsvorrichtung nach einem der Anspriiche 3 bis 5, wobei der Antriebsleistungs-Ubertragungsmechanismus
(13) und der Differentialleistungs-Ubertragungsmechanismus (40) jeweils ein Leistungsiibertragungs-Getriebeme-
chanismus sind.

Antriebsvorrichtung zur Ubertragung von Leistung tber ein Haupt HST (50) von einer Antriebsquelle, die in einem
Kérper bzw. einer Karosserie des Fahrzeugs installiert ist, zu einem ersten Paar von Antriebsradern (8) und einem
zweiten Paar von Antriebsréddern (7), wobei die Paare von Antriebsrddern an der Vorderseite und Rickseite des
Fahrzeugkdrpers positioniert sind und wenigstens ein Paar der Antriebsrader lenkbar ist, wobei die Antriebsvor-
richtung umfaft:

eine Getriebeeinheit (10’) zum Empfangen einer Rotationsausgabe von dem Haupt HST,

eine Antriebswelle (6) eines lenkbaren Rads und eine Antriebswelle (5) eines nicht-lenkbaren Rads zum Emp-
fangen einer Rotationsausgabe von der Getriebeeinheit und Ubertragen der Rotationsausgabe entsprechend
bzw. jeweils auf eine Achse zum Antreiben der lenkbaren Rader und eine Achse zum Antreiben der nicht-
lenkbaren Rader,

gekennzeichnet durch:

eine Differentialeinheit (30’) zum Erhdhen einer Rotationsgeschwindigkeit bzw. Drehzahl der Antriebswelle des
lenkbaren Rads und Absenken einer Rotationsgeschwindigkeit bzw. Drehzahl der Antriebswelle des nicht-
lenkbaren Rads proportional entsprechend einem Lenkwinkel eines Lenkrads, das durch einen Fahrer hand-
zuhaben ist,

die Antriebswelle des lenkbaren Rads und die Antriebswelle des nicht-lenkbaren Rads etwa auf einer gemein-
samen Achse angeordnet sind und voneinander an gegenuberliegenden bzw. entgegengesetzten Enden davon
beabstandet sind,

die Getriebe- bzw. Ubertragungseinheit einen ersten Differential-Getriebe- bzw. -Ritzelmechanismus (110)
umfaf3t, der ein Paar von ersten Sonnenrédern aufweist, die fest an jeder der Antriebswelle des lenkbaren Rads
und der Antriebswelle des nicht-lenkbaren Rads an gegenlberliegenden bzw. entgegengesetzten Enden davon
montiert sind,

der erste Differentialgetriebemechanismus ein erstes Gehause, das das Paar von ersten Sonnenradern abdeckt
und drehbar auf den Antriebswellen abgestutzt ist, ein erstes Ringritzel bzw. Hohlrad, das extern auf bzw. an
dem ersten Gehause vorgesehen ist, um die Rotationsausgabe von dem Haupt HST zu empfangen, und eine
Mehrzahl von ersten Planetenrddern bzw. -ritzeln umfaft, die mit dem Paar von ersten Sonnenradern kAmmen
und drehbar durch eine Welle abgestiitzt sind, die fix im Inneren des ersten Gehduses vorgesehen ist und sich
diametral zu dem Geh&use erstreckt,

die Differentialeinheit ein Differential HST (31) zum Empfangen einer Leistung von der Antriebsquelle und
Ausgeben einer Rotationsantriebskraft aufweist, einen zweiten Differentialgetriebe- bzw. -ritzelmechanismus
(130) zum Empfangen der Rotationsausgabe von dem Differential HST, und einen Einstellibertragungsme-
chanismus (140, 150) zum Ubertragen einer Ausgabe von dem zweiten Differentialgetriebemechanismus zu
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der Antriebswelle des lenkbaren Rads und der Antriebswelle des nicht-lenkbaren Rads umfaft,

der zweite Differentialgetriebemechanismus ein Paar von rotierenden Wellen, die durch ein Gehause der An-
triebsvorrichtung unterstitzt sind, die etwa auf einer gemeinsamen Achse angeordnet sind und voneinander
an gegenlberliegenden bzw. entgegengesetzten Enden davon beabstandet sind, ein Paar von zweiten Son-
nenradern, die fix an den entsprechenden rotierenden Wellen bzw. Drehwellen an ihrem gegeniiberliegenden
Ende festgelegt sind, ein zweites Gehause, das das Paar von zweiten Sonnenradern abdeckt und drehbar auf
bzw. an dem Paar von Drehwellen abgestitzt bzw. getragen ist, ein zweites Ringritzel bzw. Hohlrad, das extern
auf dem zweiten Gehause zur Verfligung gestellt ist, um die Rotationsausgabe von dem Differential HST zu
empfangen, und eine Mehrzahl von zweiten Planetengetrieben bzw. -rddern umfaBt, die mit dem Paar von
zweiten Sonnenrddern kAmmen und drehbar durch eine Welle abgestitzt sind, die fix im Inneren des zweiten
Gehauses vorgesehen ist und sich diametral aus dem zweiten Gehause erstreckt,

der Einstellibertragungsmechanismus zwei Getriebeziige umfafBt, die fiir die Antriebswelle des lenkbaren Rads
und die Antriebswelle des nicht-lenkbaren Rads entsprechend zur Verfugung gestellt sind und jeweils ein
Antriebsritzel bzw. -zahnrad, das an der Drehwelle festgelegt ist, und ein angetriebenes Ritzel umfassen, das
an der entsprechenden Antriebswelle festgelegt ist, wobei wenigstens einer der zwei Getriebezlige wenigstens
ein zwischenliegendes Ritzel bzw. Zahnrad aufweist, um die zwei angetriebenen Ritzel drehbar in Richtungen
unterschiedlich voneinander zu machen, wobei das Antriebsritzel und das angetriebene Ritzel von jedem der
Getriebeziige gleich im Durchmesser ist.

Revendications

1. Appareil de transmission pour véhicule pour transmettre de la puissance via une transmission (50) hydrostatique
principale provenant d’une source motrice installée dans la carrosserie du véhicule vers une premiére paire de
roues motrices (8) et une seconde paire de roues motrices (7), les paires de roues étant situées a 'avant et a
l'arriere de la carrosserie du véhicule et au moins une paire des paires de roues motrices pouvant étre braquée,
'appareil de transmission comprenant:

un dispositif (10) de transmission pour recevoir une sortie en rotation en provenance de la transmission hy-
drostatique principale,

un premier arbre (6) de transmission et un second arbre (5) de transmission pour recevoir une sortie en rotation
en provenance du dispositif de transmission et transmettant la sortie en rotation respectivement vers un essieu
pour actionner la premiére paire de roues et un essieu pour actionner la seconde paire de roues,

caractérisé par:

un dispositif (30) différentiel pour augmenter la vitesse de rotation de I'un parmi les premier et second arbres
de transmission et diminuer la vitesse de rotation de I'autre parmi les premier et second arbres de transmission
proportionnellement selon 'angle de braquage d’un volant devant étre manipulé par un conducteur,

le dispositif de transmission comprenant un arbre (11) de transmission principal situé entre les premier et second
arbres de transmission, un mécanisme (13) de transmission de la puissance d’actionnement pour transmettre
la sortie en rotation de la transmission hydrostatique principale vers I'arbre de transmission principal, et un
premier dispositif (20’) de pignons planétaires et un second dispositif (20) de pignons planétaires pour trans-
mettre la rotation de I'arbre de transmission principal respectivement vers les premier et second arbres de
transmission de maniére a mettre en rotation selon une méme direction les arbres de transmission aux roues, et
le dispositif différentiel comprenant une transmission (31) hydrostatique a différentiel pour recevoir la puissance
provenant d’'une source motrice et produisant une force motrice de rotation ajustée proportionnellement selon
I'angle de braquage du volant, et un mécanisme (40) différentiel de transmission de la puissance pour recevoir
la sortie en rotation provenant de la transmission hydrostatique a différentiel et fournissant des rotations addi-
tionnelles mutuellement opposées respectivement au premier dispositif de pignons planétaires et au second
dispositif de pignons planétaires pour induire une augmentation de la vitesse de rotation et une diminution de
la vitesse de rotation des premier et second arbres de transmission.

2. Appareil de transmission selon la revendication 1, 'appareil étant en outre adapté pour un véhicule dans lequel la

premiére paire de roues peut étre directice et la seconde paire de roues n’est pas directrice, dans lequel

le premier arbre (6) de transmission et le second arbre (5) de transmission sont respectivement un arbre de trans-
mission aux roues directrices et un arbre de transmission aux roues non directrices, et

le premier dispositif (20’) de pignons planétaires et le second dispositif (20) de pignons planétaires sont respecti-
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vement un dispositif de pignons planétaires pour roues directrices et un dispositif de pignons planétaires pour roues
non directrices.

Appareil de transmission selon la revendication 2, dans lequel I'arbre (6) de transmission aux roues directrices et
l'arbre (5) de transmission aux roues non directrices sont agencés approximativement sur un axe commun et écartés
'un de l'autre aux extrémités opposées de celui-ci,

larbre (11) de transmission principal est situé entre les extrémités opposées de I'arbre de transmission aux roues
directrices et de I'arbre de transmission aux roues non directrices sur le méme axe que les deux arbres,

le dispositif (20’) de pignons planétaires pour roues directrices a un premier pignon planétaire monté sur I'arbre de
transmission principal, une premiéere roue extérieure entourant le premier pignon planétaire, une premiére couronne
dentée intérieure prévue sur la périphérie intérieure de la premiére roue extérieure, des premiers pignons satellites
agencés entre le premier pignon planétaire et la premiére couronne intérieure, et un premier porte-satellites monté
sur 'arbre de transmission aux roues directrices en ne pouvant pas tourner par rapport a celui-ci et en pouvant
tourner avec les rotations des premiers pignons satellites, et

le dispositif (20) de pignons planétaires pour roues non-directrices a un second pignon planétaire monté sur I'arbre
de transmission principal, une seconde roue extérieure entourant le second pignon planétaire, une seconde cou-
ronne dentée intérieure prévue sur la périphérie intérieure de la seconde roue extérieure, des seconds pignons
satellites agencés entre le second pignon planétaire et la seconde couronne intérieure, et un second porte-satellites
monté sur I'arbre de transmission aux roues non-directrices en ne pouvant pas tourner par rapport a celui-ci et en
pouvant tourner avec les rotations des seconds pignons satellites.

Appareil de transmission selon la revendication 3, dans lequel le mécanisme (40) différentiel de transmission de
puissance recoit la sortie en rotation provenant de la transmission (31) hydrostatique a différentiel et ajuste les
vitesses de rotation de la premiére couronne extérieure et de la seconde couronne extérieure respectivement dans
des directions opposées de 'une par rapport a 'autre,

la transmission hydrostatique a différentiel est adaptée pour ne pas émettre de force d’entrainement en rotation
quand le véhicule avance en ligne droite et d’émettre la force d’entrainement en rotation pendant un certain nombre
de tours en fonction de I'angle de braquage du volant quand le véhicule vire,

le mécanisme différentiel de transmission de puissance est adapté pour ajuster la vitesse de rotation de la premiére
couronne extérieure dans la méme direction que la direction de rotation du premier pignon planétaire mis en rotation
par la transmission (50) hydrostatique principale et pour ajuster la vitesse de rotation de la seconde couronne
extérieure dans la direction opposée a la direction de rotation du second pignon planétaire mis en rotation par la
transmission hydrostatique principale.

Appareil de transmission selon la revendication 4, dans lequel la transmission (31) hydrostatique a différentiel
comprend une pompe hydraulique et un moteur hydraulique, au moins I'un d’entre la pompe hydraulique et le moteur
hydraulique étant a débit variable sous 'action d’'un organe changeant le débit,

le dispositif (30) différentiel comprend un mécanisme de liaison reliant le volant devant étre manoeuvré par un
conducteur a I'organe changeant le débit,

le mécanisme de liaison est adapté pour réduire a peu pres a zéro un taux débité par 'un parmila pompe hydraulique
et le moteur hydraulique qui comprend I'organe changeant le débit quand le volant est positionné pour faire avancer
le véhicule en ligne droite et pour augmenter le taux débité au fur et a mesure que I'angle de braquage augmente
quand le volant est positionné pour faire virer le véhicule.

Appareil de transmission selon I'une quelconque des revendications 3 a 5, dans lequel le mécanisme (13) de
transmission de la puissance motrice et le mécanisme (40) différentiel de transmission de puissance sont chacun
un mécanisme a pignons pour transmettre la puissance.

Appareil de transmission pour véhicules afin de transmettre de la puissance provenant d’'une source motrice installée
dans la carrosserie du véhicule vers les roues directrices et vers les roues non-directrices via une transmission (50)
hydrostatique principale, 'appareil de transmission comprenant:

un dispositif (10’) de transmission pour recevoir une sortie en rotation en provenance de la transmission hy-
drostatique principale,
un arbre (6) de transmission des roues diectrices et un arbre (5) de transmission des roues non-directrices
pour recevoir une sortie en rotation en provenance du dispositif de transmission et transmettant la sortie en
rotation respectivement vers un essieu pour actionner les roues directrices et un essieu pour actionner les
roues non-directrices,
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caractérisé par:

un dispositif (30’) de différentiel pour augmenter la vitesse de rotation de I'arbre de transmission aux roues
directrices et diminuer la vitesse de rotation de I'arbre de transmission aux roues non-directrices proportion-
nellement selon 'angle de braquage du volant devant étre manoeuvré par un conducteur,

I'arbre de transmission aux roues diectrices et I'arbre de transmission aux roues non-directrices étant situés
approximativement sur un axe commun et écartés I'un de I'autre aux extrémités opposées de celui-ci,

le dispositif de transmission comprenant un premier mécanisme (110) différentiel a pignons ayant une paire
de premiers pignons planétaires montés rigidement sur chacun d’entre I'arbre de transmission aux roues di-
rectrices et I'arbre de transmision aux roues non-directrices aux extrémités opposées de ceux-ci,

le premier mécanisme différentiel a pignons comprenant un premier boitier recouvrant la paire des premiers
pignons planétaires et supporté en pouvant tourner sur les arbres de transmission, un premier pignon en
couronne prévu sur I'extérieur du premier boitier pour recevoir la sortie en rotation provenant de la transmission
hydrostatique principale, et une pluralité de premiers pignons satellites venant en prise avec la paire des
premiers pignons planétaires et supportés en pouvant tourner par un arbre prévu fixe a l'intérieur du premier
boitier et s’étendant diamétralement par rapport au boitier,

le dispositif de différentiel comprenant une transmission (31) hydrostatique a différentiel pour recevoir de la
puissance provenant de la source motrice et transmettant une force motrice de rotation, un second mécanisme
(130) différentiel a pignons pour recevoir la sortie en rotation provenant de la transmission hydrostatique a
différentiel, et un mécanisme (140, 150) de transmission a ajustement pour transmettre une sortie provenant
du second mécanisme différentiel & pignons vers I'arbre de transmission aux roues directrices et I'arbre de
transmission aux roues non-directrices,

le second mécanisme différentiel a pignons comprenant une paire d’arbres de rotation supportés dans un carter
de 'appareil de transmission, agencés approximativement sur 'axe commun et écartés I'un de l'autre aux
extrémités opposées de celui-ci, une paire de seconds pignons planétaires montés fixes sur les arbres de
rotations respectifs a leurs extrémités opposées, un second boitier recouvrant la paire des seconds pignons
planétaires et supporté en pouvant tourner sur la paire d’arbres de rotation, un second pignon en couronne
prévu sur I'extérieur du second boitier pour recevoir la sortie en rotation provenant de la tranmission hydros-
tatique principale, et une pluralité de seconds pignons satellites venant en prise avec la paire des seconds
pignons planétaires et supportés en pouvant tourner sur un arbre prévu fixe a l'intérieur du second boitier et
s’étendant diamétralement par rapport au second boitier,

le mécanisme de transmission a ajustement comprenant deux trains de pignons prévus respectivement pour
I'arbre de transmission aux roues directrices et I'arbre de transmission aux roues non-directrices et comprenant
chacun un pignon moteur fixé a I'arbre de rotation, et un pignon entrainé fixé a I'arbre de transmission corres-
pondant, au moins un des deux trains de pignons ayant au moins un pignon intermédiaire de sorte que les
deux pignons entrainés puissent étre mis en rotation dans des directions différentes I'un par rapport a 'autre,
le pignon moteur et le pignon entrainé de chacun des trains de pignons étant égaux en diametre.
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